A Gram-stain-negative, aerobic, non-motile and rod-shaped bacterial strain, designated NF2-5-3 T , was isolated from a paddy soil in Anseong city, Republic of Korea. This bacterium was characterized to determine its taxonomic position using a polyphasic approach. On the basis of 16S rRNA gene sequence analysis, strain NF2-5-3
The genus Burkholderia, described based on the transfer of seven species from Pseudomonas, was proposed by Yabuuchi et al. [1] . Phylogenetically, the genus Burkholderia belongs to the family Burkholderiaceae of the Betaproteobacteria. However, phylogenetic studies based on 16S rRNA and several housekeeping genes showed that the genus Burkholderia was not monophyletic. It contained at least two genera: the genus Burkholderia containing clinically important and phytopathogenic members of the genus and a new genus, Paraburkholderia gen. nov., harbouring environmental species [2] . The genus Paraburkholderia was first proposed by Sawana et al. [3] with Paraburkholderia graminis as the type species. Members of the genus Paraburkholderia are characterized as Gramnegative, straight rod-shaped and with a G+C content in the range 58.9-65.0 mol% [2] . At the time of writing, the genus Paraburkholderia comprises 60 recognized species [4] isolated from various environments (soil, plants and water), including the recently described Paraburkholderia caffeinilytica [5] and Paraburkholderia pallidirosea [6] . Some species of the genus Paraburkholderia have been confirmed to have N 2 -fixing ability [7, 8] . In this study, a bacterial strain, designated NF2- T , isolated from paddy soil is shown to represent a novel nitrogen-fixing species of the genus Paraburkholderia.
Strain NF2- T was isolated from paddy soil by screening on nitrogen-free medium as described by Cavalcante and Do€ ebereiner [9] but with some modifications, as follows (per litre water): 2 g sucrose, 5 g glucose, 3 g mannitol, 1 g malic acid, 1 g citric acid, 1 g sodium acetate, 0.2 g K 2 HPO 4 , 0.6 g KH 2 PO 4 , 0.2 g MgSO 4 Á7H 2 O, 0.02 g CaCl 2 Á2H 2 O and 0.002 g Na 2 MoO 4 .
One gram of soil was placed in 10 ml (0.85 % NaCl) sterile saline and stirred for 10 min. An aqueous volume of 100 µl of the mixture was spread on nitrogen-free medium in triplicate and incubated at 30 C for 7 days. After 7 days of incubation, one colony that grew very well on nitrogen-free medium and exhibited nitrogenase activity was selected and incubated at 30 C for 3 days for further study. Strain NF2-5-3
T was cultured routinely on nitrogen-free agar medium plates at 30 C and preserved as a suspension in R2A broth supplemented with 20 % (v/v) glycerol at À80 C.
The genomic DNA of strain NF2-5-3 T , extracted using a commercial DNA extraction kit (Solgent), was used in a PCR with the universal bacterial primer pair 9F and 1512R to amplify the 16S rRNA gene [10] . The purified PCR products were sequenced by Biofact [11] . The almost-complete sequence of the 16S rRNA gene was compiled using SeqMan software (DNASTAR) and compared with those of related taxa, which were obtained from the GenBank database or EzTaxon-e database (http://www.ezbiocloud.net; [12] ). Multiple alignments were made using the CLUSTAL X program [13] with gaps edited using the BioEdit program [14] . Evolutionary distances were calculated using the Kimura two-parameter model [15] . Neighbour-joining [16] , maximum-parsimony [17] and maximum-likelihood phylogenetic trees were reconstructed using the MEGA 6 program [18] , with bootstrap values based on 1000 replications [19] .
The nearly complete 16S rRNA gene sequence of strain NF2-5-3 T (1453 nt) was determined and subjected to comparative analysis. The highest degree of sequence similarity determined was to members of the genus Paraburkholderia: Paraburkholderia caribensis MWAP64 T (98.8 %), P. sabiae Br3407 T (98.8 %), P. hospita LMG 20598 T (98.5 %), P. terrae NBRC 100964 T (98.3 %) and P. phymatum STM815 T (98.1 %). Phylogenetic analysis using the maximum-likelihood method based on 16S rRNA gene sequences indicated that strain NF2-5-3 T clustered within the genus Paraburkholderia, which was also supported by the maximumparsimony and neighbour-joining trees (Fig. 1) .
On the basis of these phylogenetic results, P. caribensis MWAP64 T , P. sabiae Br3407 T , P. hospita LMG 20598 T , P. terrae NBRC 100964 T , P. phymatum STM815 T , P. monticola JC2948 T , P. sprentiae WSM5005 T and P. acidipaludis NBRC 101816
T were selected as the closest recognized neighbours of strain NF2-5-3 T and were obtained from the DSM, LMG and KACC culture collections, grown under the same conditions and used as reference strains in most of the subsequent phenotypic tests.
The Gram reaction was tested by the non-staining method, as described by Buck [20] . Cell shape and size, and the presence of flagella were observed under transmission electron microscopy (Hitachi SU-3500) and light microscopy (Nikon; Â1000 magnification). Motility was tested in R2A broth supplemented with 0.2 % agar [21] . Cell growth of strain NF2- T was monitored at 4, 10, 15, 18, 20, 25, 30, 35, 37, 40, 42, 45 and 50 C. Similarly, growth of strain NF2-5-3
T was tested on different media: R2A agar (Difco), trypticase soy agar (TSA; Difco), Luria-Bertani (LB; Difco), nutrient agar (NA; Difco) and MacConkey agar (Difco) at 30 C for 7 days. Different initial pH values (4-10 at intervals of 0.5 pH units) were adjusted by using the following buffers: acetate buffer for pH 4.0-5.5, phosphate buffer for pH 6.0-8.0 and tris buffer for pH 8.5-10.0. Salt tolerance was tested on R2A agar medium supplemented with 0.5 % and 1-10 % (w/v) NaCl (at intervals of 1 % unit) and growth was assessed after 7 days of incubation. Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine [22] . Carbon-source utilization and enzyme activities were tested using API 20NE, 32GN and API ZYM strips (bioM erieux) according to the manufacturer's instructions. The API ZYM test strips were read after 4 h of incubation at 37 C, and the other API strips were examined after 2 days at 30 C. Tests for the hydrolysis of casein, starch [23] , CM-cellulose [24] and DNA (using DNase agar from Scharlau, with DNase activity detected by flooding plates with 1 M HCl) were carried out after 5 days of incubation at 30 C [25] . Nitrogen fixation assays (acetylene reduction assays) were carried out according to the method of Berge et al. [26] .
Cells of strain NF2-5-3
T were Gram-stain-negative, aerobic, non-spore-forming, non-motile and rod-shaped (width, 0.8-1.2 µm; length, 2.4-3 µm, Fig. S1 , available in the online version of this article). Colonies grown on R2A agar plates for 2 days at 30 C were cream-coloured, circular, smooth and convex with entire edges. Strain NF2-5-3
T was negative for hydrolysis of starch, gelatin, cellulose, casein and DNA but positive for growth on MacConkey agar, NA, TSA and LB. The morphological, physiological and biochemical characteristics of strain NF2- T are given in the species description and Table 1 , which lists the characteristics that serve to differentiate strain NF2-5-3
T from its closest phylogenetic relatives.
For fatty acid analysis, cell mass of strain NF2-5-3
T and of closely related type strains was grown on R2A [Difco (pH 7.0)] agar at 30 C for 48 h. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). They were then identified by capillary GLC, using version 6.0 of the Microbial Identification software package (MIDI), the TSBA60 database [27] and a 6890 chromatograph (Hewlett Packard). For chemotaxonomic analysis of isoprenoid quinones, strain NF2-5-3 T was grown in R2A broth for 3 days at 30 C. Collected cells were lyophilized for 24 h before the isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified using a Sep-Pak Vac silica cartridge (Waters) and subsequently analysed by HPLC, as previously described [28] . Polar lipids were extracted and examined by two-dimensional TLC [29] .
Genomic DNA of the novel strain and eight reference strains was extracted and purified, as described by Moore and Dowhan [30] , so that the G+C content could be determined by reversed-phase HPLC [31] . DNA-DNA hybridization experiments were performed between strain NF2-5-3
T and the eight reference strains using the method described by Ezaki et al. [32] with photobiotin-labelled DNA probes and microdilution wells. Hybridizations were performed at 50. 6 C with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The fatty acid profile comprised mainly saturated, cycloand summed feature fatty acids and was very similar to those of the most closely related species of the genus Paraburkholderia. The fatty acid profile of strain NF2-5-3
T was mainly composed of C 16 : 0 , summed feature 8 (comprising C 18 : 1 !7c and/or C 18 : 1 !6c), C 17 : 0 cyclo and C 16 : 0 3-OH. However, some minor qualitative and quantitative differences in fatty acid content could be observed between strain NF2-5-3
T and its phylogenetically closest relatives ( Table 2 ). The major respiratory quinone of strain NF2-5-3
T was ubiquinone 8 (Q-8), in line with all other members of the genus Paraburkholderia. The polar lipids were phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, an unidentified phospholipid, unidentified aminophospholipids, unidentified aminolipids and unidentified polar lipids. (Fig. S2) .
The G+C content of the genomic DNA of strain NF2-5-3 
(BAYC01000104)
Paraburkholderia insulsa PNG-April T (KF733462)
Paraburkholderia terricola LMG 20594 T (AY040362)

Paraburkholderia rhynchosiae WSM3937 T (EU219865)
Paraburkholderia xenovorans LB400 T (CP000270) low enough to assign strain NF2- T to a novel species of the genus Paraburkholderia.
Paraburkholderia graminis C4D1M T (U96939)
Paraburkholderia ribeironis STM 7296 T (CYGX01000033)
Paraburkholderia pallidirosea DHOK13 T (KP938221)
Paraburkholderia phenazinium LMG 2247 T (U96936)
Paraburkholderia sartisoli RP007 T (AF061872)
Burkholderia turbans LMG 29316 T (FCOD01000076)
Burkholderia peredens LMG 29314 T (FCOH01000055)
Burkholderia ptereochthonis LMG 29326 T (FCOB01000074)
Burkholderia concitans LMG 29315 T (FCNV01000034)
Caballeronia telluris LMG 22936 T (FCNZ01000083)
Alcaligenes faecalis ATCC 8750 T (D88008)
The characteristics of strain NF2- T are consistent with the description of the genus Paraburkholderia with regard to morphological, biochemical and chemotaxonomic properties. However, the phylogenetic distance between strain NF2-5-3 T and recognized Paraburkholderia species, the unique phenotypic characteristics (Table 1 ) and the low level of DNA-DNA relatedness with the nearest neighbours identified by phylogenetic analysis warrant the assignment of strain NF2- T to the genus Paraburkholderia as the type strain of a novel species, for which the name Paraburkholderia azotifigens sp. nov. is proposed. Cells are Gram-stain-negative, aerobic, non-motile, nonspore-forming and rod-shaped (width, 0.8-1.2 µm; length, 2.4-3 µm). Colonies on R2A agar medium are creamcoloured, circular, smooth, convex with entire edges and 1-1.5 mm in diameter. Grows on R2A agar at C and at pH 6.0-8.0, but not at 10 or 40 C. Optimum growth occurs at [25] [26] [27] [28] [29] [30] C and at pH 7.0. Growth occurs well without . All data were from this study, unless otherwise indicated (*). Assimilation and enzyme activity tests were conducted using API 20NE, API 32GN and API ZYM kits. All strains were positive for D-glucose, D-mannose, D-mannitol, N-acetyl-D-glucosamine, gluconate, phenyl-acetate, L-fucose, D-sorbitol, L-arabinose, L-histidine, 3-hydroxy-butyrate, L-proline, L-rhamnose, inositol, L-alanine, L-serine, arginine dihydrolase, b-glucosidase (aesculin hydrolysis), urease, alkaline phosphatase, esterase (C4), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All strains were negative for indole production, protease (gelatin hydrolysis), maltose, melibiose, adipate, citrate, salicin, 4-hydroxy-benzoate, itaconate, malonate, glycogen, lipase (C14), trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase, a-fucosidase and N-acetyl-b- 
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